Introduction
The incidence of COPD is predicted to increase in Japan and the People's Republic of China over the next 30 years due to factors such as greater tobacco use and an ageing population. 1, 2 Furthermore, an epidemiology study of airflow limitation in Japanese adults aged $40 years showed that COPD is under-recognized, with 10.9% of those assessed having airflow limitation, yet only 9.4% had received a previous diagnosis of COPD. 2 In maintenance treatment of COPD, the combination of a
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Ichinose et al long-acting muscarinic antagonist (LAMA) with a longacting β 2 -agonist (LABA) is recommended for patients who have persistent symptoms with single-agent therapy. 3, 4 The LAMA tiotropium is well established as an effective maintenance treatment for COPD, with improvements in lung function, health-related quality of life, and dyspnea, reduced hospitalizations compared to placebo or ipratropium, and decreased risk of exacerbations compared to salmeterol or ipratropium. [5] [6] [7] The LABA olodaterol has a different mode of action to tiotropium while exhibiting preferable pharmacokinetic and pharmacodynamic profiles, 8 and has been shown to be effective when administered once daily in combination with tiotropium in patients with COPD. [9] [10] [11] In Japan, tiotropium has been a well-established first-line treatment in COPD with documented efficacy and safety profiles, while the efficacy and safety of olodaterol monotherapy have been assessed over 4 weeks in Japanese patients with COPD. 12 Combined tiotropium + olodaterol has been shown to be effective, with an acceptable safety profile when administered once daily for 6 weeks in the VIVACITO ® study, 9 and for 52 weeks in Tonado ® 1 and 2, two large, replicate, randomized, double-blind, Phase III studies, in patients with moderate to very severe COPD. 13 A considerable number of Japanese patients with COPD participated in these large Phase III studies and there are known to be physiologic differences between Japanese and overall (global) populations. These differences include lower average body weight and alternative background medication preferences, ie, a higher frequency of LAMA use and a lower frequency of inhaled corticosteroid (ICS) use. These differences may originate from the treatment guidelines issued in 2004 and 2009 by the Japanese Respiratory Society in which a LAMA is recommended as first-line treatment for COPD and a LABA/ICS combination is recommended for patients with severe disease (Global initiative for chronic Obstructive Lung Disease [GOLD] 4). Consequently, there is a question as to whether the combination of tiotropium + olodaterol has similar efficacy and safety in the Japanese population.
In this sub-analysis of the Japanese patients included in the Tonado ® studies, we assessed whether there were any differences in the efficacy and safety of tiotropium + olodaterol between Japanese and overall populations.
Methods
Study design
We present the results from the Japanese patients included in the combined data set from the multinational, replicate, Phase III, multicenter, randomized, double-blind, active-controlled, five-arm, parallel-group studies Tonado ® 1 and 2 (NCT01431274 and NCT01431287). The study design has been described previously; 13 briefly, patients were randomized to receive once-daily olodaterol 5 µg, tiotropium 2.5 µg, tiotropium 5 µg, tiotropium + olodaterol 2.5/5 µg, or tiotropium + olodaterol 5/5 µg for 52 weeks ( Figure 1 ). Primary end points in the Tonado ® studies were assessed at Week 24 of treatment; safety was assessed throughout the study. Ethical approval for this study was obtained from the respective institutions (Supplementary materials). Written, informed consent was obtained from all patients.
Patients
Patients were randomized if they met the following main inclusion criteria: outpatients aged $40 years with a history of moderate to very severe COPD (GOLD 2-4); post-bronchodilator forced expiratory volume in 1 second (FEV 1 ) ,80% of predicted normal; post-bronchodilator FEV 1 /forced vital capacity (FVC) ,70%; current or ex-smokers with a smoking history of .10 pack-years. Exclusion criteria included significant disease other than COPD, clinically relevant abnormal baseline laboratory parameters, or a history of asthma.
end points and assessments
In the Tonado ® studies, three primary end points were evaluated at Week 24: change from baseline in FEV 1 area under the curve from 0-3 hours (AUC 0-3 ) divided in hours; trough FEV 1 (mean of the values measured at 23 hours and 23 hours and 50 minutes following drug administration at the clinic visit of the previous day for the week 24 visit); and St George's Respiratory Questionnaire (SGRQ) total score. Secondary end points were Mahler Transition Dyspnea Index (TDI) at Week 24 (key secondary end point) and change from baseline in trough FVC. Further end points Abbreviations: R, randomization; QD, once daily. 
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effect of tiotropium and olodaterol in Japanese COPD patients included peak FEV 1 from 0-3 hours and peak FVC from 0-3 hours; FEV 1 and FVC at 5, 15, and 30 minutes and 1, 2, and 3 hours following inhalation, peak expiratory flow rate, rescue medication use, and Patients' Global Rating assessments. 13 Safety was assessed via adverse events (AEs), recorded throughout the study. Vital signs, blood chemistry, and electrocardiogram data were also collected.
Statistical analysis
This subgroup analysis for the Japanese sub-population from the Tonado ® studies was performed using the same statistical analyses for the same key end points at the same time points as for the overall population, ie, analysis of the primary end points at Week 24 was performed for all randomized patients with non-missing baseline and at least one post-baseline measurement at or before Week 24 for any primary efficacy end point and who received at least one dose of study medication (full analysis set). Tiotropium + olodaterol therapy was compared to the component monotherapies at 5% level of significance in which the mean changes from baseline in FEV 1 AUC 0-3 and trough FEV 1 and the mean SGRQ total score and TDI focal score were analyzed using a mixed-effects model for repeated measurements approach including the fixed, categorical effects of treatment, planned test day, and treatment-by-test-day interaction, as well as the continuous, fixed covariates of baseline and baseline-by-test-day interaction. A spatial power covariance structure was used to model within-patient errors. Kenward-Roger approximation was used to estimate denominator degrees of freedom.
Analyses for the Japanese patient sub-population are descriptive. All P-values from treatment comparisons are nominal (ie, not alpha protected), as the studies were not powered to show significant differences. All analyses were performed using pooled data from Tonado ® 1 and 2.
Safety end points
All treated patients were included in the safety analysis, which was descriptive only. AEs were included if they occurred in the period between the first dose of study medication and #21 days after the last study medication administration. AEs were coded using Medical Dictionary for Regulatory Activities (MedDRA) version 16.1 and unblinded data were reviewed regularly by an independent Data Monitoring Committee.
Results
Patient population
In total, 413 Japanese patients were randomized and treated in the Tonado ® studies (Figure 2 ). Lung-function characteristics were similar at baseline for the Japanese sub-population compared to the overall population ( Table 1) . The mean age of Japanese study participants was slightly higher (69 versus 64 years), with a greater proportion of men (94% versus 73%), and a lower body mass index score (22.4 versus 25.9) compared to the overall population. Fewer Japanese patients were current smokers (18% versus 37% of the overall population) and duration from diagnosis was 5 years compared to 7 years for the overall population. However, there was a slightly higher smoking history compared to the overall population (64 versus 46 pack-years). In total, 50% of the overall study population were GOLD 2 compared to 60% of the Japanese population. Furthermore, the proportion of patients using ICS and short-acting muscarinic antagonists, short-acting β-agonists, and LABAs was lower in the Japanese population compared to the overall population, while the proportion of patients using xanthines and LAMAs was higher (Table 1) . Common baseline SGRQ scores were 33.7 for the Japanese population and 43.5 for the overall population. Generally, demographics were similar for Japanese patients across the treatment groups (Table S1 ).
Efficacy Lung function
Improvements in lung function following treatment with tiotropium + olodaterol were slightly better in Japanese patients compared to the overall population. Analysis of the combined data from the two studies revealed improvements in the change from baseline in FEV 1 AUC 0-3 with both doses of tiotropium + olodaterol compared to monotherapies in Japanese patients. Improvements in mean change from baseline (95% confidence interval [CI]) in FEV 1 AUC 0-3 at Week 24 of treatment with tiotropium + olodaterol 5/5 µg were 151 mL (104, 198) greater than olodaterol 5 µg and 134 mL (83, 185) greater than tiotropium 5 µg (nominal P,0.0001 versus either monotherapy), while tiotropium + olodaterol 2.5/5 µg improved values by 87 mL (39, 134) more than olodaterol 5 µg and by 70 mL (18, 122) more than tiotropium 2.5 µg (nominal P,0.01) ( Figure 3A and Tables S2, S3 , and Figure S1A ). These results were similar to those seen in the overall population; improvements in mean (95% CI) FEV 1 AUC 0-3 at Week 24 of treatment with tiotropium + olodaterol 5/5 µg were 128 mL (111, 144) greater than olodaterol 5 µg and 110 mL (93, 127) greater than tiotropium 5 µg. For tiotropium + olodaterol 2.5/5 µg improvements were 115 mL (98, 131) greater than olodaterol 5 µg and 111 mL (95, 128) greater submit your manuscript | www.dovepress.com
Dovepress
2020
Ichinose et al 
2021
effect of tiotropium and olodaterol in Japanese COPD patients tiotropium + olodaterol compared to the individual components in Japanese patients. Improvements with tiotropium + olodaterol 5/5 µg were 131 mL (85, 176) greater than olodaterol 5 µg and 108 mL (59, 156) greater than tiotropium 5 µg (nominal P,0.0001 versus either monotherapy). For tiotropium + olodaterol 2.5/5 µg increases were 60 mL (14, 105) greater than olodaterol 5 µg (nominal P,0.01) and 47 mL (-3, 97) greater than tiotropium 2.5 µg (nominal P-value not significant) ( Figure 3B , Tables S2, S3 , and Figure S1B ). This is similar to the overall population: with tiotropium + olodaterol 5/5 µg improvements were 85 mL (67, 102) greater than olodaterol 5 µg and 60 mL (43, 77) greater than tiotropium 5 µg (P,0.0001 versus either monotherapy). For tiotropium + olodaterol 2.5/5 µg, improvements were 62 mL (45, 80) greater than olodaterol 5 µg and 45 mL (28, 62) greater than tiotropium 2.5 µg (P,0.0001 versus either monotherapy) (Figures 3B and S1B).
Further lung-function end points are shown up to Week 52 in Figure S2 and Tables S4 and S5 .
Symptomatic benefit
SGRQ total scores improved in Japanese patients at Week 24 of treatment in all groups, with the largest reduction in symptom scores seen in the group receiving tiotropium + olodaterol 5/5 µg. Improvements in total SGRQ scores were greater in the Japanese population compared to the overall population, although Japanese patients had a much lower common baseline SGRQ score. The differences in total SGRQ scores between tiotropium + olodaterol 2.5/5 µg and each component were not statistically significant for the overall population or the Japanese sub-population ( Table 2) . The largest improvements for tiotropium + olodaterol compared to each component were in the symptom domain of the SGRQ ( Figure S3 ).
Baseline Dyspnea Index score was slightly higher (ie, lower symptoms) in Japanese patients compared to the overall population (7.75 versus 6.54, respectively). Mahler TDI focal score improved to .1 for both doses of tiotropium + olodaterol in Japanese patients compared to scores of 0.40-0.85 for the individual components. Tiotropium + olodaterol 5/5 µg improved Mahler TDI focal score by .0.7 units compared to the monotherapies (nominal P,0.05 for both comparisons) and tiotropium + olodaterol 2.5/5 µg by .0.8 units compared to olodaterol 5 µg and tiotropium 2.5 µg (nominal P,0.01 for both comparisons) at Week 24 (Table 3) . Improvements with nominal P,0.05 were also seen in Patients' Global Rating at Week than tiotropium 2.5 µg (P,0.0001 for all comparisons) ( Figures 3A and S1A) .
Change from baseline in mean (95% CI) trough Notes: Adjusted mean (SE) obtained from fitting a mixed-effects model for repeated measurements including fixed effects of treatment, planned test day, treatment-by-testday interaction, baseline, and baseline-by-test-day interaction; patient as a random effect; spatial power covariance structure for within-patient errors and Kenward-Roger approximation of denominator degrees of freedom.
a Defined as having an SGRQ total score at Week 24 improved by $4.0 units over baseline SGRQ total score; responder analysis results are from fitting a logistic regression model with treatment as covariate and a logit link function. Number of patients contributing to SGRQ analysis in the Japanese population: olodaterol 5 µg n=103, tiotropium 2.5 µg n=68, tiotropium 5 µg n=74, tiotropium + olodaterol 2.5/5 µg n=76, tiotropium + olodaterol 5/5 µg n=76. Number of patients contributing to the SGRQ analysis in the overall population: olodaterol 5 µg n=954, tiotropium 2.5 µg n=960, tiotropium 5 µg n=954 (n=955 for the responder analysis), tiotropium + olodaterol 2.5/5 µg n=990, tiotropium + olodaterol 5/5 µg n=979; Number of patients contributing to the mixed-effects model for repeated measurements for adjusted mean TDI across both studies in Japanese patients: tiotropium + olodaterol 5/5 µg n=77; tiotropium + olodaterol 2.5/5 µg n=76; tiotropium 5 µg n=74; tiotropium 2.5 µg n=70; olodaterol 5 µg n=104; b number of patients contributing to the mixed-effects model for repeated measurements for TDI score in the overall population: tiotropium + olodaterol 5/5 µg n=992; tiotropium + olodaterol 2.5/5 µg n=992; tiotropium 5 µg n=978; tiotropium 2.5 µg n=982; olodaterol 5 µg n=984. Abbreviations: BDI, Baseline Dyspnea Index; TDI, Transition Dyspnea Index; SE, standard error; CI, confidence interval.
24 for both doses of tiotropium + olodaterol compared to individual components. The majority of patients rated their symptoms as improved up to Week 52 (Figure 4 and Tables S6 and S7) .
Adjusted weekly mean daily (24-hour) rescue medication use (puffs/day) was substantially reduced with both tiotropium + olodaterol 2.5/5 and 5/5 µg over the 52-week period of the study. Reductions in rescue medication use were observed for tiotropium + olodaterol 5/5 µg compared to both tiotropium 5 µg and olodaterol 5 µg, in particular in the second half of the study ( Figure 5) . A similar effect was observed in the use of rescue medication during the day and at night ( Figures S4 and S5 ).
Safety
Overall, 82.1% of patients reported an AE. Of these, severe AEs (defined as incapacitating or causing inability to work or perform usual activities) were reported in 7.3% of Japanese patients and drug-related AEs (as assessed by the investigator) were reported in 8.5%. Incidences of AEs, serious AEs, and drug-related AEs were generally well-balanced across treatment groups and were mostly mild or moderate in intensity. Only two on-treatment deaths occurred.
Similarly to the overall population, the most frequently reported AEs in Japanese patients were from the MedDRA System Organ Classes of "respiratory, thoracic, and mediastinal disorders" and "infections and infestations", with COPD (including COPD exacerbation/worsening) and nasopharyngitis being the most commonly reported. The incidence of these most common events was comparable across treatment groups (Table 4) .
Although AEs occurred at a slightly higher rate in the Japanese population compared to the overall population (82.1% versus 74.4%), there was generally no increase in the incidence of AEs with tiotropium + olodaterol compared to the mono-components in both populations.
Discussion
Although the burden of disease for COPD is worldwide, the efficacy and safety of therapeutic agents may differ between countries due to variable patient characteristics, such as body mass index, as well as differing baseline treatments. Japanese patients with COPD tended to be older with a lower body mass index. In addition, fewer Japanese patients were current smokers, yet with higher pack-year smoking history, and fewer used ICS, short-acting β-agonists, LABAs, and short-acting muscarinic antagonists at baseline, although a higher proportion of Japanese patients were using LAMAs or mucolytics at baseline. Therefore, we assessed the efficacy and safety of tiotropium + olodaterol in a Japanese sub-population.
There were nominally statistically significant and clinically relevant improvements in lung function as measured by the change from baseline in trough FEV 1 and FEV 1 AUC 0-3 with tiotropium + olodaterol compared to either monotherapy, with slightly greater improvements in pulmonary function in Japanese patients following treatment with tiotropium + olodaterol compared to the overall population. One explanation for this could be the greater proportion of patients with slightly milder disease in the Japanese sub-population. Furthermore, improvements were seen in all treatment groups for SGRQ total scores (change from baseline), above the minimum clinically important difference of four units.
14 These improvements were nominally statistically significant for tiotropium + olodaterol 5/5 µg compared to individual components, with Japanese patients reporting much less severe SGRQ scores in their stable periods and superior improvements in SGRQ scores following treatment. Similarly, TDI focal score improved with tiotropium + olodaterol to a greater extent than with the individual components.
Although these studies were not designed to assess the impact of tiotropium + olodaterol on COPD exacerbations (data not shown), it was interesting to note that fewer acute exacerbations were reported for Japanese patients compared to the overall population. This may have been due to the inclusion of fewer patients with severe COPD in the Japanese arm of the study and earlier treatment of respiratory symptoms, as well as a lower proportion of current smokers.
There was a slightly higher incidence of AEs including infection in the Japanese sub-population compared to the overall population but a lower incidence of COPD (including COPD exacerbation/worsening). Similar to the overall population and as expected in patients with COPD, the most frequent events occurred in the System Organ Classes of "respiratory, thoracic, and mediastinal disorders" and "infections and infestations". Overall, incidence of AEs was balanced across treatment groups in Japanese patients and no major safety signals were identified with tiotropium + olodaterol compared to the mono-components. There was no additive adverse effect by combining the two different mechanisms of action. The safety profile of tiotropium + olodaterol in the Japanese population was comparable to that of the overall population, with no additional safety risks.
This sub-analysis broadly mirrored the results observed in the previously reported overall population 13 and reflects those of other studies. To date, no studies have demonstrated any differences between ethnic groups in systemic exposure to inhaled medications such as β-agonists. 12, 15 While there were key differences between Japanese patients and the overall population in this study, such as lower body mass index scores, systemic exposure to olodaterol has been shown to be unaffected by age, sex, weight, or renal, liver, or lung function. 12 There were several limitations to these studies. Due to the long duration of 52 weeks, we decided not to include a placebo arm because it was considered unethical to deny treatment to symptomatic patients, as LAMAs are standard maintenance therapy for COPD. Although the number of patients included in the Japanese arm was low (~8% of the 
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effect of tiotropium and olodaterol in Japanese COPD patients Table 4 Summary of AEs: combined analysis of the Japanese population (treated set, combined studies) overall population), the data generally mirror the results seen in the overall population, indicating consistent efficacy and safety for this population.
Once-daily dosing is more convenient for patients and could increase medication compliance, 16 the monitoring of which is considered one of the most important factors by Japanese health care providers when selecting an inhaler device. 17 In this study, tiotropium + olodaterol was administered via one device -the Respimat ® inhaler -which contains a liquid suspension and could provide physicians, as well as patients, with greater choice in their maintenance treatment options.
Conclusion
The combination of tiotropium + olodaterol 5/5 µg significantly improved lung function and quality of life and provided symptomatic benefit over tiotropium or olodaterol monotherapies in Japanese patients with COPD. This was generally consistent with the overall population, although a slightly improved benefit was observed for Japanese patients. The frequency of AEs was balanced across treatment groups, with no increased incidence with tiotropium + olodaterol compared to monotherapies. The combination of tiotropium + olodaterol was well tolerated in Japanese patients with COPD with a similar safety profile to the overall population.
